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(57) Abstract 

Pre-amorpbization of a surface layer of crystalline silicon to an ultra-shallow (400) and (402) (e.g., less than 100 nxn) deptb provides a 
solution to fabric:at]on problems including (a) high thermal conduction in crystalline silicon and (b) shadowing and diffractios-intcrfcrence 
efiei^ by an already fabricated gate of a fidd-cffect transistor on incident laser radiation. Such problems, in the past, have prevented prior- 
art projection gas immersion laser doping from being etfectively employed in the fabrication of integrated circuits oompTising MOS field- 
cffcct transistors enaploying 100 lun and shallower junction technology. 
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FABRICATION METHOD FOR 
REDUCED-DIMENSION INTEGRATED CIRCUITS 

. BACKGROUHD OF THE IHVENTION 

5 Field Qf the Tnvftntrion: 

This invention relates to the fabrication of 
integrated . circuits (IC). and, more particularly/ to the 
fabrication of IC comprising metal oxide semiconductor 
field-effect transistors (KOSFET) employing lOO. nm and 

10 shallower junctions. 

Description of the PyioT- Ai-t:; 

CMOS field-effect transistors (FET) employing 
0.25 mm gate length dimensions will soon be commercially 
available. Fabrication of such 0.25 lam dimension FETs 

15 typically employs ion implantation for . silicon doping. 

However, MOSPETs having reduced gate- length dimensions of 
only 0.18 mm and lower are currently being developed. 
Reduction of gate lengths necessitates soxirce-rdrain 
junction depth scaling. For the 0.18 mm CMOS technology, 

20 these junctions depths are projected, by the 

Semiconductor Industry Association's "The National 
Technical Roadmap for Semiconductors" (1995) , to be at 
less than 80 nm Such junctions are difficult to form 
using ion implantation due to ion-channeling and 

25 transient enhanced diffusion. 

Incorporated by reference herein is in the 
article «Two-Step. Doping Using Excimer I^ser in Boron 
Doping of Silicon," by T. Akane et al., Jpn. J. Appl. 
Phys. Vol. 31 (Dec. 1992) Pt. 1, No. 12B, pages 

30 4437-4440, which discloses an alternative means for 

silicon doping. In this regard, further incorporated by 
reference herein is the article "A Shallow Junction 
Submicrometer PMOS Process Without High-Temperatuire 
Anneals," by P. G. Carey et al. , IEEE Electron Device 

35 Letters, Vol. 9, No. 10, (Oct, 1988), pages 542-544. 

Also incorporated by reference herein are the 
articles "Role of Ion Mass, Implant Dose, and Wafer 
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Temperature on End-of -Range Defectis , " by S. Prussin et 
aX-, J. EleqtroChea, Soc. , Vol. 137, No. 6 (June. 1990), ■ 
pages 1912-19X4; "Damage Removal /Dopant: Diffusion 
Tradeoffs in Ultra-Shallow Implantied p*-n Junctions/" by 
5. R, B. Fair, IEEE Transactions on Electron Devices, Vol. 
17> No. XO (Oct; X990), pages 2237-2241, and "Avoiding 
End-of -Range DisXocations in lon-ImpXanted Silicon," by 
Acco et al.. Materials Science and Engineering; B34, 
(1995) pages 168rl74, all of vhicb are directed to ion 
XO implantation to effect silicon amorphization . 

Were it not for the high, thermal conduction in 
crystalline silicon, ultra-shallow (e.g - # lass tnan 100 
nm) junction foirmation would be possible using prior-art 
projection gas immersion laser doping. (P-GILD) , due to 
15 near surface absorption of the laser light and short 

laser pulse widths. In this regard, the geometry, of an 
MOSFGT device being fabricated results in shadow4.ng and 
diffraction 6f the laser light illuminating the diBvice's 
surface which has a large effect on thermal loading. 
20 Unfortunately, the high thermal conduction in crystalline 
silicon acts to reduce the junction deptb. at the edges. 
These thermal, conduction effects become apparent as the 
dimensions of the doped regions approach the therms^l 
diffusion lengths- As a result, the attributes of the 
25 doped region are a function of their dimensions and the 

surrounding geometry. In the cas& of source/drain doping 
in a CMOS device , this results in the doped regions not 
extending up to the gate (negative gate overlap) or the 
isolation. This presents an unacceptable problem, since 
30 device performance suffers due to high parasitic 

resistances and shorts between the junctions and the 
wells.. 

SUMMARY OP THE INVENTION 

The fabrication method of the present invention 
35 provides a solution to the aforesaid problem of thermal 
diffusion, thereby permitting P-GII-D to be used for 
achieving ultra-shallow (e.g., less than 80 nm) junction 
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fonaabion. 

More particularly^ in accozrdance. with the' 
fabrication joethod of the present, invention, a given 
surface layer of crystalline silicon is first amorphized 
5 to a given depth. Thereafter a given aunount of doping: 
material is deposited as a film on the surface of the 
given amorphized surface layer of the silicon* Then at 
least a portion of the given amorphized surface layer of 
the silicon is temporarily heated for a certain, time to a 

10 temperature which is sufficient to melt amorphized 

silicon but is insufficient to melt crystalline silicon 
(since the melting temperature of amorphized silicon is 
substantially below that of crystalline silicon) • After 
the completion of the certain heating time, the melted 

15 silicon of the heated portion is permitted to c6ol> 

thereby effecting a recrystallization of the silicon of 
; this portion of the given surface layer, 

BRIEF DESCKXPXION OF THE DIUIWING 

FIGURE 1 diagrammatically shows the structure 
20 of two FETs that have been fabricated in accordance with 
modern silicon CMOS technology; 

FIGURE 2a diagrammatically shows the pattern of 
heat diffusion from the heated upper region of an H05FET 
that occurs when P-GIliD is used, in its fabrication; 
25 FIGURE 2b diagrammatically shows the shadowing 

and diffraction- interference effects caused by the gate 
polycrystalline (poly) structure of an MOSFET that occurs 
when P-GILD is used in its fabrication; 

FIGURE 3 diagrammatically shows the structure 
30 of one of the two FIGURE 1 MOSFBTs that is to be 

fabricated in accordance with the method steps of the 
present invention at a stage in the fabrication of that 
FET which occurs prior to either the doping of its 
extensions or the doping of its source or drain, hut 
35 subsequent to the doping of its well; 

FIGURE 4 diagrammatically shows a fabrication 
step of the present invention comprising surface 
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aiaorphizing by ion implant a ting the silicon forming the 
upper region of the MOSFET of FIGURE 3 ; and 

FIGURE 5 diagranmatically shows a fabrication 
. doping step of the present invention (which occurs 
5 sxibsequent to both the FIGURE 4 fabrication step .of 

surface amorphization and otheir intervening fabrication 
steps that include radiation from a first laser operation 
having b^eh used to photolytically predeposit a film of 
doping material) which uses the radiation from a second 
10 laser to effect a doping which includes both the 
extensions, and the gate poly of that FET with the 
predeposited film of doping material. 
DESCRXPTXOM OF THE PREFERRED EMBODIliEKT 

Referring to FIGURE 1, there is shown CMOS 
15 structure comprising silicon substrate 100, isolation 

elements 102 and complimentary FETs lb4a and 104b. The 
structure of complimentary FETs 104a and 104b differ only 
in that FET 104a comprises n well 106a, p* source 108a and 
p"^ drain 110a, while FET 104b comprises p well 106b, n* 
20 source I08b and n* drain 110b. In all other respects^ the 
structure of complimentary FETs 104a and 104b is similar. 
Specifically, both of complimentary FETs 104a and I04b 
comprise (1) gate poly 112 insulated from the well of 
that FET by a thin layer 114 of SlOzi (2) side wall. 
25 spacers 116, (3) silicide electrical contacts 117 

situated on top of the respective gate poly, source and 
drain of each of complimentary FETs 104a and 104b, and 
(4) shallow doped extensions 118 coupling the source and 
drain of each of complimentary FETs 104a and 104b to the 
30 channel region under the gate poly. 

It is apparent from FIGURE l that the 
shallowest junctions are extensions 118, which connect 
the deep sources and drains to the channel* Extensions 
118 are needed to prevent drain induced barrier lowering 
35 (DIBIi) and punchthrough . The extensions are currently 

formed by a shallow low energy Implant and anneal, after 
which side wall spacers are formed and deep source/ drains 
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implanted. 

At this titte^ the smallest gate dimensions soon 
to be employed in the commercial fabrication of MOSPET 
structures is O.izs ram In this case, extensions 118 are 
5 currently formed by a relatively shallow low energy 

implant and^ thereafter, the p* and n*" sources l08a and 
108b and drains 110a and 110b are formed by . a relatively 
deep high energy ion implant. However, when the 
fabrication of MOSFET structured is scaled down to 0.18 

10 mm gate lengths, the already shallow junction depth of 
extensions lie is reduced to less than 80 nm. Such a 
small junction depth for extensions lis is difficult to 
form using ion implantation, due to ion -channeling and 
transient enhanced diffusion. 

15 As discussed above in the BacJcground of the 

Invention section, problems that result from the high 
thermal conduction in crystalline silicon have prevented 
the prior-art P-GILD doping techniques from being used in 
place of ion implantation to form less than a 80 nm deep 

20 junction for each of extensions 118. 

FJGURE 2a demonstrates only the heat diffusion 
pattern in that portion of the silicon of the MOSFET 
being fabricated tha,t is relatively nearer to gate 202 
than to the IC isolation elements. Prior-art P-GILD, if 

25 used during the fabrication of an IC HOSPBT device, would 
heat the entire single crystalline silicon upper surface 
layer 200 between adjacent IC isolation elements. Far 
from gate 202, the heating can be modeled using 
one-dimensional heat diffusion (as indicated in FIGURE 2 

30 by solid-line eirrows 204) . However, the region under 

gate 202, which is shadowed from the laser light, remains 
cooler than regions far from gate 202. Hence, in the 
vicinity of gate 202, both vertical and lateral, thermal 
gradient exists. This results in 2-D thermal diffusion 

35 in the vicinity of gate 202 (as indicated in FIGURE 2a by 
dashed-line arrows 206) • Therefore, cooling is enhanced 
in this vicinity, leading to shallower or no melting. 
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should prior-art P-GILD laser radiation be employed in 
the fabrication of the FET. 

Further, although. not shown in FIGURE 2a, it is 
apparent that a two-dimensional heat diffusion pattern 
5 would also exist during the fabrication, of each of the 
CMOS FETs of FIGURE 1 at the junction of that FET's 
source and drain regions with an isolation element, if 
prior-art P-GlIiD iaser radiation were employed in its 
fabrication. 

10 FIGURE 2b schematically depicts both the 

shadowing effect 208 and the diffraction- interference 
effect 210 caused by the presence of the gate 202. More 
particularly, within the area of the top silicon surface 
defined by each oblique dashed line 212 and a vertical 
15 sidewall of. gate' 202, the shadowihg effect is - 
schematically indicated by boxes 214 and the 
diffraction- interference effect is schematically 
indicated by boxes 216. 

FIGURE 2b demonstrates illumination effects 
20 near the gate edge. Due to the large numerical aperture 
of a P-GILD projection system,, the angle of incidence 
varies from 90 to 50 degrees. As a result of angular 
spread of the illuminating laser light, shadowing by the 
gate can reduce, up to 50% of the light in the region next 
25 to It. Some of the f luence loss may be compensated for 

by additional light reflected off of the silicon sidewall 
of gate 202, However, it can be shown that silicon 
exhibits low reflectivity of TM polarized light at near 
grazing angles. It can be seen that due to this low 
30 reflectivity of TM polarized light, a large amount of the 
light incident . on the gate sidewall is In fact absorbed. 
Hence, reflection off gate 202 cannot completely 
compensate for the f luence loss due to shadowing « 
Further, diffraction from the edge of gate 202 and 
35 interference between the reflection off of gate 202 and 

the incident light reduces the incident intensity next to 
the edge of gate 202- This results in the near gate 
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rag ion being colder than the rest of the source and drain 
regions. 

Thus^ the coinbination of enhanced cooling and 
shadowing at the gate edge can prevent the melt from 
5 extending up to the edge of gate 202. Although it is 
possible for the melt to reach gate 202 at . sufficiently 
high laser energies, the use of such high Ijaser energies 
is undesirable. Further, the negative overlap between 
gate 202 and the melt increases, with .increasing gate 

10 length due to larger thermal gradients under gate 202. A 
modern circuit may be comprised of devices with varying 
gate lengths. As a result^ the negative overlap will 
vary for. the different devices . A negative overlap 
result^ in high series resistances and large leakage to 

15 the substrate. Such junctions are unacceptable for 
modern CMOS technology and methods for ensuring that 
junctions extend to the gate for all gate lengths needs 
to be devised; 

In addition, two-dimensional cooling can also 

20 prevent melting near the edge of an isolation element, 
thereby causing a short to be created between. the 
junction and the well when silicidation is performed. As 
a result, the drain cannot be biased with respect, to the 
well. Hence, melting up to the isolation element 102 is 

25 extremely important. 

The relatively simple, process, performed by the 
method of the present invention, shown in FIGURES 3-6 and 
described below, avoids the aforesaid problems of 
negative ^overlay due to two-dimensional cooling and 

30 reduction in laser fluence due to shadowing and 

diffraction- interference, which problems are encountered 
when prior-art P-GXLD laser radiation is employed in the 
fabrication of the MOSFETs of FIGURE 1. 

FIGURE 3 shows: a stage in the fabrication of 

35 one of the MOSFETs of FIGURE 1 just prior to the 
execution of fabrication steps which include the 
fabrication steps of the present invention shown in 
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FIGURES 4 and 5* At the fabrication stage shown In 
FliGURE 3, veil 106, and gate poly 112 situated over a. 
thin layer 114 of Si02 have already been fabricated. 

The first of the fabrication steps of the 
5 present invention, shown in FIGURE 4, comprises the step 
of amor phi zing, to a desired ultra-shallow depth, regions 
of the FIGURE 1 HOSFET being fabricated which include the 
upper polycrystalline silicon layer 400 of gate poly 112 
and the upper single silicon crystalline layers 402 of . 
10 well 106 • Amorphissation may be achieved by ion 

implantation- of a heavy atom, such as argon, silicon, and 
germanium (as indicated in FIGURE 4 by arrows 404). ~. 
However, germanium is to be preferred because it is a 
heavy atom which requires low doses to amorphize silicon, 
15 produces abrupt amorphous-crystalline interfaces, and is 
isoelectronic in the silicon lattice* 

More particularly, as shown in FIGURE 4, layer 
402 on each side of gate , poly 112, which is to be 
amorphized, extends all the way to an isolation element 
20 102 • Assuming, by way of example, that the desired 
ultra-shallow depth of the layers 400 and 402 to be 
amorphized is substantially 300 A (which is less than 80 
nm) , a dose of 2 x lo" atoms/cm^ is required tb a<diieve 
this desired 300 A amoirphization depth. A 20 KeV 
25 germanium implant at a dose of 2 x 10^^ atoms/cm^ achieves 
this desired 300 A amorphization depth of the layers 400 
and 402- This implant condition is easily obtainaOsle 
using existing implanters. 

. As is known (see the aforesaid B. Fair 
30 article incorporated by reference) , the amorphous depth 
is a function of implant dose and Implant energy. 
Depending on the desired amorphous depth , the range of 
implant dose is between 1 x 10^^ atoms/cm^ and 1 x 10** 
atoms/cm^, while the range of implant energy is between 5 
35 KeV atoms /em^ and 400 KeV. 

Subsequent to the completion of the silicon 
amorphization fabrication step of FIGURE 4^ two 
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fabrication steps (neither of which is shown in the 
drawing) take place which comprise . (1) the removal of 
thin layer 300 of sio^, followed by (2) the first step of 
a known P--GILD operation (e. g., that disclosed above in 
the article "Two-Step Doping Using Exciiner Laser in Boron 
Doping of Silicon^" by T. Akane et al,) which uses an ArF 
exciiner laser . (1 = 193 xm) to decompose^ presumably by 
photolytic decomposition, a given dopant compound in 
gaseous form to thereby cause a film of doping material 
in solid form to be predeposited on the upper surfaces of 
the MOSFET being fabricated. The amount of the dose to 
be incorporated in amorphized layers 400 and 402 duriiig 
the second step of the known P-GILD operation depends on 
the amount of the given dopant compound that has been 
15 predeposited during the first step of the known P-GILD 
operation. 

Referring to FIGURE 5, there is shown the 
siBcond step of the P-GIIiD operation) which tstkes place at. 
the completion of the aforesaid two. unshown fabrication 

20 steps. As shown in FIGURE 5, predeposited film 500 of 
doping material on the upper surfaces of layers 400 and 
402 of the MOSFET being fabricated is illuminated by 
excimer laser radiation 502. . While this excimer. laser 
radiation may be derived from an ArF excimer laser 

25 producing radiation at a wavelength of 193 nm (as taught 
in the T. Akahe et al. article)., it also may be derived 
from other types of lasers (e,g,, a 248 nm KrF laser, a 
351 nm XeF laser, or a 308 nm XeCl laser) . Applicant has 
employed a pulsed Xeci excimer laser producing radiation 

30 at a wavelength of 308 nm for performing the aforesaid 
second step of the P-GILD operation. 

More particularly, amorphous silicon has a 
factor of 10 lower thermal conductivity, a 300 lower 
Di^it; temperature, and a 30 percent lower reflectivity 

35 than crystalline silicon. The combination of these 

effects lowers the melt threshold of amorphous silicon 
compared to crystalline silicon- 
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Referring again t:o FIGURE 1, in iihe process for 
forming extensions 118, 1:lie deptih. of the amorphized 
layers is limited to that needed for the regions to be 
occupied by each of these extensions. Thereafter, the 
5 second step of the P-GILD operation, used in lightly, 
doping the regions of extensions 118, results in the - 
amorphized layers.of . silicon melting right , up to the edge 
of gate poly 112, due to the significant reduction in the 
thermal conductivity and melt temperature of these* 
10 amorphized layers. More specifically, the second step of 
the P-GILD operation comprises each of successive pulses 
of laser radiation^ The irradiating energy of each of 
the successive pulses is sufficient to cause melting of 
an amorphized silicon spot, but is insufficient to cause 
15 melting of a crystalline silicon spot. After the 

completion of the first irradiation of a particulsa: spot 
by a laser pulse, the how-doped melted, silicon thereof 
immediately cools and recrystallizes. Therefore^ the 
irradiation by a first pulse of a given amorphized 
20 silicon spot that , overlaps the recrystallized silicon of 
an already, irradiated spot will not cause any remelting 
of the recrystallized silicon, but will result only in 
the melting of the given amorphized silicon spot. 
Further, a. ijarge energy window exists where melt;ing will 
25 not extend beyond the amorphous regions^ since the liquid 
silicon is highly undercooled and cannot produce further 
silicon melting. Hence, amorphization can be .used to 
define the melt depth. 

While the fluence range for laser irradiation 
30 extends all the way. from 0.05 Joules per cm^ and 1.0 
Joules per cm^, the most likely radiation fluence 
sufficient to heat amorphized silicon to its melting v 
temperature, but insufficient to heat crystalline silicon 
to its melting temperature, is 0.4 Joules per cm^. 
35 As indicated in FIGURES 4 and 5, layer 400 of 

gate poly 112 is both amorphized and doped. • In the case 
that doping of gate poly 112 is not desired, a masking 
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layer over gate poly 112 may be employed during the 
amorphization implanting step of FIGURE 4, thereby 
preventing gate melting of gate poly 112 to take place 
during the second step of the P-GILD operation. 
5 While the use of two steps of P-GILD following 

silicon preamphorization is particularly suitable for 
fabricating the ultra-shallow (i.e., less than. 100 nm 
depth) junctions of extensions 118, as described a):>ove, 
the same two steps of P-GILD following silicon 

10 preamphorization may be used to dope the deep source and 
drain regions of a MOSPET being fabricated. 
Specifically, following the fabrication of the 
ultra-shallow junctions of extensions 118, side wall . 
spacers 116 are fabricated. Thereafter, . each the deep 

15 source and drain regions located between each side wall 
spacer 116 and an isolat:ion el^ent 102 is reamorphized 
to its greater desired depth than the depth of the 
above-described original amorphization thereof . This may 
be accomplished with higher energy (e.g., 40 KeV) and 

20 higher dose (e.g. , 6 x 10^^ atoms/cm^ germanium implants). 
Following such re amorphization, the two steps of P-GILD 
are used to provide (1) appropriate deposited 
concentrations of films of doping material during the 
first of these two steps, and* (2) appropria.^e pulsed 

25 laser energy to effect melting of only the amorphised 

isource and drain regions during: the second of these two 
steps. 

one reason for employing the steps of the 
present invention described in the preceding paragraph 

3 0 for doping the deep source and drain, rather than 

conventional ion-implant doping, is that the doping depth 
is more precisely controlled. An additional reason is 
that it is less expensive. 

In the method of the preferred embodiment of 

3 5 the present invention described above, the fabrication of 
the deep source and drain involve the reamorphization of 
the already- fabricated ultra-shallow (i.e., less than 100 
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nm deptili) junctions, since these already- fabricated ' 
ultra-shallow junctions extend all the vay to side wall 
spacers 116- However, it should be understood that the 
extent of the ultra-shallow junctions may be limited to 
solely the locations of the extensions and, therefore, 
not include the locations of the* deep source and drain* 
In this case, the amorphization for the source and drain 
locations • is * independent of the amorphization for the. 
extension locations, so that €he. amorphization for the 
source and drain locations may occxar either before or 
after the amorphization for the extension locations. 
Furthermore, the present invention may be employed for 
fabricating only the extensions of an MOSFET or, 
alternatively, only the deep source and drain of an 
MOSFET, rather than both of these. 

As known, amorphization implants produce 
supersaturation . of point defects. Upon annealing, point 
defect injection results in nucleation of extended 
defects. A critical annealing temperature ordinarily is 
0 required to anneal out the extended defects. . This 

ordinarily required anneal for the first amorphization 
implamt, shown in FIGURE 4 and described above, is at 
1050 for. 10 sec* However, the laser melting of the 
amorphized silicon by the second step of the P-GILO 
operation inherently provides a certain amount of 
annealing. Further, due to the. small number of point 
defects present after the laser process, the junctions 
are not liXely to move much as a result of this thermal 
cycle. Therefore, in this case, no additional anneal for 
l^ser aiuiealed junctions may be necessary. However, in 
any given case, the exact extent of the diffusion after 
laser annealing needs to be determined experimentally in 
order to determine if any additional annealing is 
necessary. 
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WHAT IS CIAIMED IS: 

1. In a method for fabricating source drain 
junctions of an MOSPET on a substrate comprising a given * 

5 crystalline silicon surface layer, wherein said, method 
comprises the steps of: 

(a) amorphizing silicon of said given 
crystalline silicon surface, layer of said substrate to a 
given aiaorphization depth;. 
10 (b) thereafter depositing a given amount of 

doping material as a film on the surface of said given 
amorphized silicon surface layer; and 

(c) then temporarily heating at least a portion 
of said given amorphized surface layer of said silicon 

15 for a certain time to a temperature which is sufficient 
to melt amorphized silicon but is insufficient to melt 
crystalline silicon to thereby result in said deposited 
dopemt di-Xfusing into said given, melted amorphized 
silicon surface layer; 

20 whereby the melted silicon of said portion 

cools after said certain time to thereby effect a 
recrystallization of the silicon of said portion of said 
given surface layer* ' 

2. The method defined in Claim 1, wherein 
25 said given amorphized depth, of silicon overlies 

crystalline silicon* 

3. The method defined in Claim 1, wherein 
.step (a) comprises the step of: 

(d) amorphizing said given surface layer of 

30 said silicon to a given amorphization depth by implanting 
therein atoms of a given heavy element at a given 
concentration per unit area that have been ionized and 
accelerated to a given energy by an ion implanter. 

4. The method defined in Claim 3, wherein 
35 said given heavy element is germanium* 

5. The method defined in Claim 3, wherein 
said given concentration per unit area is substantially 2 
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X 10** atoms/cm* and said given energy is substantially- 20 
KeV. 

6. ' * The method defined in Claim 3, wherein 
said given concentration per unit area is substantially 6 

5 X 10^* atoms/ cm^ and said given energy is substantially 40 
KeV. 

7. The method defined -in Claim 1, wherein 
step, (b) comprises the step of : 

(d) employing radiation, from of a laser to 
10 decompose a given dopant compound in gaseous form to 

thereby cause said given amount of doping material to be . 
deposited in solid form as said film on the surface; of 
said given amorphized silicon surface layer - 

8 . ' The method defined in Claim 1 , wherein 
15 step (c) comprises the step of: 

(d) employing a given amount of radiant f luence 
' iCrom a laser to effect said temporary heating of at least 
said portion of said given ainorphized-^surf ace layer of 
said silicon. 

20 9. The method defined in Claim 8, wherein 

said given amount of radiant f luence from said laser is 
substantially o. 4 Joules per cm*. 

10. The method defined in Claim 8, wherein 
step (d) comprises the step of: 

25 (e) applying a single one of successive pulses 

of radiant energy from a pulsed, laser to an irradiated 
area of said given amorphized surface layer of said 
silicon for heating said area for the duration of that 
single one of said successive pulses, the radiation 

30 energy of that single one of said successive pulses being 
sufficient to heat the amoinphized silicon of said area 
Irradiated thereby to itis melting temperature, but 
insufficient to heat crystalline silicon to its melting 
temperature . 

35 11. In an integrated circuit fabrication 

method for fabricating MOSFETs on a siilicon substrate, 
wherein adjacent FETs are separated from one another by 



PCTmS98A>1943 



wo 98/34268 rCTAJS98/01942 

■ 15 • 

isolation elements and each fabricated FET comprises (1) 
a polycrystalline silicon gate built up oyer (2) the 
surface of ain appropriately-doped single crystalline 
silicon well, (3) first and second sidewall spacers 
5 situated, respectively, on either side of said . 
polycrystailine silicon gate (4) a relatively deep 
appropriately-doped single crystalline silicon source 
extending longitudinally from a first isolation element 
to the vicinity of the distal edge of said first sidewall 

10 spacer, (5) a relatively deep appropriately-doped single 
crystalline silicon drain extending longitudinally from a 
second isolation, element to the vicinity of the distal 
edge of said second sidewall spacer, (6) a first 
ultra-shallow, lightly-doped single crystalline silicon 

15 extension situated under said first sidewall spacer for 
connecting said source to a gate edge proximate thereto, 
and (6) a second ultra-shallow, lightly-doped single 
crystalline silicon* extension situated under said second 
sidewall spacer for cpnnecting said drain to a gate edge 

20 proximate thereto; wherein said method comprises the 

following steps for fabricating each of said first and 
second ultra-shallow, doped single crystalline silicon 
extensions subsequent to the fabrication of said well and 
said polycrystalline silicon gate and prior to the 

25 fabrication of said first and second sidewall spacers: 

(a) ion implanting atpms in each of first and 
second surface layers of said single crystalline silicon 
well that extend longitudinally from a gate edge of said 
polycrystalline silicon gate to an isolation element at a 

30 given concentration per unit area and at a given energy 

which results in amorphizing said first and second layers 
to a certain depth which is less than 100 nra deep; 

(b) depositing a given amount of doping 
material for doping said extensions as a film in solid 

35 form on said first and second amorphized surface layers 
by decomposing a given dopant compound in gaseous form 
with radiation from of a laser; 
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(c) first applying, a first of two successive 
' pulses of radiant energy from a pulsed laser to a first 
of two overlapping irradiated areas of said given 
amorphi zed surface, layer of said silieon for heating said .. 
5 first area for the duration of said first of said 

successive pulses, and thereafter applying a second of 
said two successive pulses of radiant energy from, said 
pulsed laser to a second of said two overlapping 
irradiated areas of said given amorphized surface - layer 
lO of said silicon for heating said second area for the . 
duration of said second of said successive pulses, the 
radiation energy of each separate one of said first and 
second successive pulses being sufficient to heat the 
amorphized silicon of said area irradiated thereby, to . its 
15 melting temperature, but insufficient to heat crystalline 
silicon to its melting temper attire ; and 

(d) providing a time interval between the 
application of said first of said two successive pulses 
and the application of said second of said two successive 
20 pulses that is long enough to permit the melted 

amorphized silicon of said first of said two overlapping 
areas to cool and recrystallize prior to the application 
of said second of said two successive pulses to the. 
amorphized silicon of said second of said two overlapping 
25 areas. • 

12* The method defined in Claim II , wherein . 
said given concentration per unit area of said 
ion-implanted atoms is substantially 2 x 10^* atoms/con^ 
and said given energy is substantially 20 KeV. • ; • 
30 13, The method defined in Claim 11, wherein 

said ion implanted atoms are germanium. 

14. The method defined in Claim 12, wherein: 

said given concentration per unit area of said 
ion- implanted germanium atoms is substantially 2 x 10^* 
35 atoms/cm^ and said given energy is substantially 20 KeV; 

whereby the amorphized depth of said first and 
second layers is substantially 300 k. 
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15. The method defined in Claim 11, further 
vrherein step (a) further comprises ion implanting 
germanium atoms in an upper surface layer of said 
polycrystalline silicon gate at a given concentration per 

5 unit area and at a given energy which, results in 
amorphizing said upper surface layer of said 
polycrystalline silicon gate to. a certain; depth which is 
about 300 A deep. 

16. The method defined in Claim 11, further 
10 comprising the following steps for fabricating each of 

said relatively deep appropriately-doped single 
crystalline silicon source and drain subsequent to the 
fabrication of said first and second sidewall spacers: 

(a) ion implanting atoms at a concentration of 

15 substantially 6 x lo'* atoms/cm^ and . at an energy of 40 
Key in each of. (l) a source layer of said, single 
crystalline silicon that extends longitudinally from an 
edge of said first sidewall spacer to an isolation 
element and (2) a drain layer of said single crystalline 

20 silicon that extends longitudinally from an edge of said 
second sidewall spacer to an isolation element, which 
results in amorphizing said source and drain layers to 
the. relatively deep depth required for said source and 
drain; 

25 (b) depositing a given amount of doping 

material for appropriately doping said source and drain 
layers as a film in solid form on the surfade of said 
amorphized source and drain layers by photolytically 
decomposing a given dopant compound in gaseous form with 

30 radiation from of a laser; 

(c) first applying a first of two successive 
pulses of radiant energy from a pulsed laser to a first 
irradiated area of a certain one of said source and drain 
amorphized layers of said silicon for heating said first 

35 area for the duration of said first of said successive 
pulses, and thereafter applying a second of said two 
successive pulses of radiant energy from said pulsed 
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laser to a second irradiated area of said certain one of 
said source and dz:ain amorphi zed layers of said, silicon 
that at least partially overlaps said first irradiated 
area for heating said second area for the duration of. 
said second of said successive pulses^ the radiation 
energy of each separate one of said first and second 
successive pulses being sufficient to heat the amorphized 
silicon of said area irradiated thereby to its melting 
temperature, but insufficient to heat crystalline silicon 
to its melting temperature; and 

(d) providing a time interval between the 
application of said first of said two successive pulses 
and the application of said second of said two successive 
pulses .that is long enough to permit the melted 
amorphized silicon of said first area to cool and 
recrystallize prior to the application of said second of. 
said two successive pulses to the amorphized silicon of 
said second area... 

17 • The method defined in Claim 16, further 
comprising: 

(e) repeating steps (c) and (d) for the other 
of said source and drain amorphized layers of said 
silicon from said certain one thereof « 
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